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(57) ABSTRACT

Methods of forming a heat exchanger from a metal body
made from a material having a melting temperature greater
than 660° C. with the metal body having opposing first and
second surfaces and at least one fluid passageway formed in
the metal body so that fluid may be passed through the fluid
passageway and heat from the fluid may be dissipated through
a plurality of fins.

10 Claims, 8 Drawing Sheets
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1
METHODS FOR FORMING A HEAT
EXCHANGER AND PORTIONS THEREOF

GOVERNMENT LICENSE RIGHTS

This invention was made with Government support under
Contract No. FA8650-07-C-2802 awarded by the U.S. Air
Force, AFMC. The Government has certain rights in this
invention.

BACKGROUND OF THE INVENTION

Jet engines for military and commercial applications
demand improved efficiency, in terms of specific fuel con-
sumption. The efficiency may be raised by increasing the
exhaust gas temperature of the airflow entering the turbine
stage of the engine. This increased temperature must be com-
pensated for in terms of internal cooling of the nozzle and
turbine blades of the turbine section. One method to cool the
nozzles and turbine blades is to extract compressed air from
the last compressor stage, prior to the combustion stage, cool
this air, and re-inject it into the hollow cavities of the nozzles
and turbine blades. The air may be cooled via an air-to-air
heat exchanger that is located within the fan bypass annulus
of the engine, in order to benefit from relatively colder tem-
perature air flowing past the heat exchanger. Such a heat
exchanger would typically have external fins, in order to
increase the surface area of the exchanger, and to improve the
external airflow mixing. In transferring heat to the fan bypass
flow of the engine, the finned heat exchanger may typically
include internal fluid passages for transporting the high pres-
sure air extracted from a final compressor stage.

BRIEF DESCRIPTION OF THE INVENTION

In one embodiment, a method of forming a fluid passage in
a heat exchanger having a metal body made from a material
having a melting temperature greater than 660° C. includes
cutting an access opening into the metal body, with the access
opening spanning a dimension of the metal body, removing
material from the metal body along the access opening to
form a passageway in the metal body that extends along the
access opening and is accessible through the access opening,
and closing the access opening to form the fluid passage.

In another embodiment a method of forming a heat
exchanger from a metal body made from a material having a
melting temperature greater than 660° C. includes forming at
least one fluid passageway in the metal body by cutting an
access opening into the first surface of the metal body, with
the access opening spanning a dimension of the first surface,
removing material from the metal body along the access
opening to form a fluid passageway in the metal body that
extends along the access opening and is accessible through
the access opening, and closing the access opening to form
the fluid passageway, and forming at least one fin projecting
from the second surface by forming a nick in the second
surface, introducing a skiving blade into the nick, and advanc-
ing the skiving blade from the nick into the material forming
a fin that remains attached to the metal body, wherein fluid
may be passed through the fluid passageway and heat from
the fluid may be dissipated through the fin.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 is aschematic perspective view illustrating a portion
of a heat exchanger;

FIG. 2 is a schematic cross-sectional view illustrating heat
exchanger portions forming a heat exchanger assembly
around an engine;

FIG. 3 is a perspective view illustrating a metal body which
may be used in forming a heat exchanger in accordance with
one embodiment of the invention;

FIG. 4 is a schematic cross-sectional view illustrating a
wire path used to form an access opening in the metal body of
FIG. 3 in accordance with another embodiment of the inven-
tion;

FIG. 5 is a schematic cross-sectional view illustrating a
method of closing the access openings formed by the wire
pathused in FIG. 4 according to an embodiment of the inven-
tion;

FIG. 6 is a schematic side view of a portion of the metal
body of FIG. 5 with nicks formed in a surface of the metal
body according to another embodiment of the invention;

FIG. 7 is a perspective view of the metal body of FIG. 5§
with rows of nicks formed according to yet another embodi-
ment of the invention; and

FIG. 8 is a perspective view of the metal body of FIG. 7
wherein fins have been formed according to a further embodi-
ment of the invention.

DESCRIPTION OF EMBODIMENTS OF THE
INVENTION

Jet engines, such as turbine engines, pose unique thermal
management challenges and in cases where compressor bleed
air is used within the heat exchanger, the thermal manage-
ment challenges are quite extreme. In such a situation, a heat
exchanger may be designed to accept a flow of compressor
bleed air through a series of tubes to transfer the heat from the
compressor bleed air to the heat exchanger. A cooler air flow
is provided typically from fan bypass air over the top of the
heat exchanger to cool the heat exchanger. FIG. 1 illustrates a
schematic example of a heat exchanger portion 2 that can be
used to dissipate the heat from compressor bleed air. The heat
exchanger portion has internal passageways or conduits 4,
which may be used for carrying fluid 6, such as the compres-
sor bleed air, and integral fins 8 over which cooling air 10 may
be passed. As illustrated in FIG. 2, various heat exchanger
portions 2 may be used to form a heat exchanger assembly 12,
which may be used to at least partially envelope or fill a
portion of a jet engine 14 and various suitable inlet and outlet
headers 16 may be shared between the various heat exchanger
portions 2 to convey the fluid 6.

The compressor bleed air temperature may be quite high
relative to what is expected in normal heat exchanger envi-
ronments. In many cases, the temperature is sufficiently high
that typical heat exchanger materials, especially those used in
aircraft, are not acceptable. For example, aluminum is typi-
cally a preferred material for aircraft heat exchangers because
of'its light weight and thermal properties. However, the tem-
perature and pressure of compressor bleed air, 704° C.
(1,300° F.) and 1,200 psi, can be too great for aluminum.

Thus, the remainder of the application will focus on form-
ing a heat exchanger having a metal body made from a mate-
rial having a melting temperature greater than aluminum,
which has a melting temperature of 660° C. A nearly pure
nickel material, such as nickel 201, may be used but it is a hard
material to form by machining, extruding, etc. and extrusion
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from such base stock to the dimensions needed for the internal
passageways of such applications is not currently possible.
For example, it has been determined that for heat transfer
purposes a suitable conduit size within the heat exchanger
would be on the order of 0.050 inches to 0.100 inches with a
wall thickness of about 0.030 inches. It has been determined
that such a nickel material may be extruded with conduit sizes
having dimensions approximately ten times larger than what
is needed; thus, using an extrusion for the nickel base stock is
not currently possible. Other methods of forming the base
stock, such as casting, have problems such as porosity and
wall thinning, which can negatively impact the structural
integrity ofthe internal passageways. The high pressure of the
internal fluid creates large hoop stresses, which places the
walls of the passageways under high stress.

FIG. 3 is a perspective view illustrating a metal body 20,
which forms the basis of the heat exchanger base material,
and is made from a material having a melting temperature
greater than 660° C. The body 20 may be used in forming a
heat exchanger with the desired heat transfer coefficient and
conduit dimensions in accordance with one embodiment of
the invention. The metal body 20 may include a first surface
shown as an upper surface 22 and a second surface shown as
alower surface 24, which opposes the upper surface 22. It will
be understood that the orientation of the metal body 20 may
be changed such that the first and second surfaces may cor-
relate to the lower and upper surfaces without detracting from
the description herein. It is contemplated that multiple pro-
jections 26 may be included in the metal body 20 and may
form a portion of the upper surface 22. Any number of mul-
tiple projections 26 may be included and the multiple projec-
tions 26 may take a variety of shapes and sizes including that
the widths of the multiple projections 26 and their spacing
may be varied. Such multiple projections 26 may be formed in
any suitable manner including by way of non-limiting
examples that the multiple projections 26 may be ridges
machined from metal base stock forming the metal body 20
and that the multiple projections 26 may be brazed to the
metal body 20.

According to an embodiment of a method of the invention,
fluid passages may be formed in the metal body 20 by cutting
an access opening into the metal body 20, removing material
from the metal body 20, and closing the access opening to
form a fluid passage. As illustrated in FIG. 4, an embodiment
of the method may include cutting an access opening 30 into
the metal body 20 with the access opening 30 spanning a
dimension 32 of the metal body 20. Cutting the access open-
ing 30 may be done in any suitable manner and by way of
non-limiting example, it is contemplated that cutting the
access opening 30 may be accomplished with an electric
discharge machining (EDM) wire 34 shown schematically as
an arrow whereby a desired shape is obtained using electrical
discharges (sparks). More specifically, the access opening 30
may be cut from the metal body 20 by feeding a thin EDM
wire 34 through the metal body 20 while it is submerged in a
tank of dielectric fluid.

Material may then be removed from the metal body 20
along the access opening 30 to form a passageway 36 in the
metal body 20 that extends along the access opening 30 and is
accessible through the access opening 30. Removing material
from the metal body 20 may include cutting the material from
the metal body 20 by passing a cutting tool through the access
opening 30. By way of non-limiting example, it is also con-
templated that passing a tool through the access opening 30
may include passing an EDM wire 34 through the access
opening 30 and cutting the material with the EDM wire 34.
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Depending upon the size of the passageway to be formed, the
size of the access opening 30 and the size of the EDM wire 34,
cutting the material with the EDM wire 34 may include mov-
ing the EDM wire 34 in a path consistent with the exterior
shape of the passageway to be formed as shown by the solid
arrows. By way of a further, not limiting example, cutting the
material with the EDM wire 34 may include moving the EDM
wire 34 to a middle area of what is to be the passageway 36
and moving the EDM wire 34 in a path that increases in
distance from the middle area. This path of the EDM wire 34
is illustrated schematically with dotted arrows 38. It is also
contemplated that multiple EDM wires 34 may be used to
form the passageway 36, in order to form the passageways 36
more quickly.

It is contemplated that removing material from the metal
body 20 may include removing sufficient material such that
the passageway 36 has a cross section greater than the access
opening 30. The cross section of the passageway 36 may be
any suitable shape including by way of non-limiting example
that it may be substantially circular as illustrated.

After the material has been removed and the passageway
36 is the desired cross section, the access opening 30 may be
closed in any suitable manner to form a fluid passageway 40.
By way of non-limiting example the access opening 30 may
be welded closed. By way of additional non-limiting
example, closing the access opening 30 may include attach-
ing a metal closing element 42 to the lower surface 24. This
may be done in any suitable manner including by brazing the
metal closing element 42 to the lower surface 24. The result of
such a process may be seen in FIG. 5 wherein a close-out
sheet is illustrated as forming the metal closing element sheet
42.

Prior to closing the access openings 30 as described above
that the metal body 20 may be shaped. By way of non-limiting
example the metal body 20 may be rolled into a cylindrical
shape. After such shaping the access openings 30 may be
closed. Again, by way of non-limiting example, this may
include the metal closing element in the form of a closeout
sheet 42 being brazed to the metal body 20 in a flat or curved
condition.

It is contemplated that before shaping the body 20 into a
curved condition, fins may be formed in the upper surface 22
to aid in the transfer of heat from fluid circulating within the
fluid passages 40 to the environment surrounding the metal
body 20. The fins may be formed in any suitable manner, for
example, FIG. 6 is a schematic side view of a portion of the
metal body 20 with multiple nicks 46 formed in the upper
surface 22 of the metal body 20 to aid in forming at least one
fin projecting from the upper surface 22 according to yet
another embodiment of the invention. It is contemplated that
the nick 46 in the upper surface 22 may be formed in any
suitable manner. By way of non-limiting examples, forming
the nick 46 may include etching the upper surface 22, cutting
the upper surface 22 with an EDM wire (not shown) or cutting
the upper surface 22 with a milling cutter (not shown). It is
also contemplated that the nick 46 may take a variety of
shapes and cross-sections. By way of non-limiting examples,
the nick 46 may be a small indentation formed in the upper
surface 22, a groove formed in the upper surface 22, or a
deeper recess formed in the upper surface 22. It has been
contemplated that the nicks 46 may be on the order of 0.010
inches to 0.015 inches deep. As a further example, forming
such a recess may include forming an acute ledge 48 in the
metal body 20 that is oriented in a certain direction with
respect to the upper surface 22. Such an acute ledge 48 is
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illustrated as being directed toward a direction of advance-
ment of a skiving blade (not shown) which may be used in
forming a fin.

As illustrated in FIG. 7, forming the nick 46 may include
forming a plurality of nicks 46 in a row. Forming the plurality
of nicks 46 in a row may include forming multiple rows of
nicks 46 on the multiple projections 26 or may include form-
ing multiples rows of nicks 46 along the length of one of the
multiple projections 26. In the instant illustration rows of
nicks 46 are illustrated as being along all of the multiple
projections 26 for a majority of the length of multiple projec-
tions 26.

After the desired nicks 46 are formed, a skiving blade may
be introduced into the nick 46 and the skiving blade may be
advanced from the nick 46 into the metal body 20 such that a
fin 50 is formed. Such fins 50 remained attached to the metal
body 20. This may be done for each of the nicks 46 until a
plurality of fins 50 are formed on the metal body 20. Such a
process may be done in any suitable manner including by
machine which may exert a force on the skiving tool as it is
driven into the nick 46.

After the fins 50 have been formed the metal body 20 may
be trimmed in any suitable way such that at least a section of
a heat exchanger 52 may be formed. The section of heat
exchanger 52 formed may include the fluid passages 40 and
the fins 50 and may be shaped and combined in any suitable
manner with additional sections of any suitable shape and size
such that a heat exchanger or heat exchanger assembly of
varying proportions may be made and may be used with a
variety of different engines. During operation, fluid such as
compressor bleed air may be passed through the fluid pas-
sages 40 and heat from the fluid may be dissipated through the
fins 50 to the air flowing by the fins 50.

The above described embodiments provide for a variety of
benefits including that very small diameter fluid passage may
be readily made in base stock having a melting temperature
greater than 660° C. The dimensions of the fluid passage may
be tightly controlled and may be suitable for high temperature
and high pressure fluids. Further, fins may be easily created
and aid in reducing temperatures during operation; by reduc-
ing the temperatures of key components in the engine during
operation a given engine may be made more powerful, more
efficient, more reliable, and longer-lasting.

This written description uses examples to disclose the
invention, including the best mode, and also to enable any
person skilled in the art to practice the invention, including
making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention
is defined by the claims, and may include other examples that
occur to those skilled in the art. Such other examples are
intended to be within the scope of the claims if they have
structural elements that do not differ from the literal language
of'the claims, or if they include equivalent structural elements
with insubstantial differences from the literal languages of
the claims.
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What is claimed is:
1. A method of forming a heat exchanger from a metal body
made from a material having a melting temperature greater
than 660° C., with the metal body having opposing first and
second surfaces, the method comprising:
forming at least one fluid passageway in the metal body by:
cutting an access opening into the first surface of the
metal body and fully forming the access opening with
the fully formed access opening spanning a final
width dimension of the first surface;
removing material from the metal body along the fully
formed access opening to form a fluid passageway in
the metal body that extends along the access opening
and is accessible through the fully formed access
opening; and
closing the fully formed access opening to fully form the
fluid passageway; and
forming at least one fin projecting from the second surface
by forming a plurality of nicks on the second surface,
introducing a skiving blade into the plurality of nicks,
and advancing the skiving blade into the material to form
a fin that remains attached to the metal body;

wherein fluid may be passed through the fluid passageway
and heat from the fluid may be dissipated through the at
least one fin.

2. The method of claim 1 wherein removing the material
comprises passing an EDM wire through the access opening
and cutting the material with the EDM wire.

3. The method of claim 2 wherein cutting the access open-
ing comprises cutting the access opening with the EDM wire.

4. The method of claim 3 wherein cutting the material with
the EDM wire comprises moving the EDM wire to a middle
area of the fluid passageway and moving the EDM wire in a
path that increases in distance from the middle area.

5. The method of claim 1 wherein the removing material
comprises removing sufficient material such that the fluid
passageway has a cross section greater than the access open-
ing.

6. The method of claim 5 wherein the cross section is
substantially circular.

7. The method of claim 1 wherein closing the fully formed
access opening comprises attaching a metal closing element
to the first surface.

8. The method of claim 7 wherein attaching the metal
closing element to the first surface comprises brazing the
metal closing element to the first surface.

9. The method of claim 1 wherein forming the at least one
fin includes forming a plurality of fins.

10. The method of claim 9 wherein forming the plurality of
fins comprises forming a row of fins on multiple projections
extending from the metal body.
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